The study uses an actual building to compare the modal response spectrum analysis results of Saudi Building Code (SBC) and the 1997 Uniform Building Code (UBC) used in Saudi Arabia before the introduction of SBC. A sample of four buildings with reported analysis of comparison between IBC and UBC is taken for confirming the comparison. Eight sample places from SBC map for Saudi Arabia together with two sample places of high seismic activity in USA were taken for the comparisons. The study used software package ETABS in this study for modeling and analysis. The results are dissimilar from the comparisons reported for test places of USA. It is concluded that at most places SBC base shear is higher for both ELFP and MRSA. However, the results cannot be generalized and considered always right. The same is factual for overturning moments. Consequently, we cannot report that SBC is more conservative than UBC for all scenarios.
Introduction
Several academic studies have offered assessments of building codes provisions for seismic analysis. Reference [1] , reported seismic design for building structures in Canada, the United States, Chile and New Zealand. The code provisions are implemented to a 9-storey building situated in area in each country having similar seismic circumstances. The comparable seismic loads are identified for this structure in Canada and Chile, whereas considerably lower seismic effects are used for the U.S. The use of the dynamic (response spectrum) analysis process caused in lighter and more flexible structures as compared to the corresponding static force system in all countries. Seismic stability necessities had greater influence on designs in Canada and New Zealand. Reference [2] advocated for higher emphasis on evaluation of international standards. The taken standards are Eurocode, IBC (American Society of Civil Engineers) and Indian code i.e. IS 1893:2002. These findings also support in knowing main elements which lead to reduced performance of structure subjected to earthquake. These results also guide to attain satisfactory safe performance under future earthquakes. The lateral seismic forces, applied to the center of gravity of the structure are measured manually for each floor in X and Z direction. The analytical output of the model buildings is shared graphically and in tabular form. Differences in the findings using three codes i.e. Eurocode [4] that for the design and investigation of ordinary RC residential buildings with certain irregularity, EC8 provisions can be chosen as safer.
The most relevant paper in this regard is authored by Nahhas [5] reporting an assessment of the seismic forces generated from a Modal Response Spectrum The UBC design response spectra have higher spectral accelerations. Therefore, the response spectrum investigation delivered a much higher base shear and moment in the structural members as compared to the IBC. These studies lead to the conclusion that normal office and domestic buildings designed using UBC 1997 are reflected to be overdesigned, and therefore they are relatively safer than the designs based as per IBC provisions. Reference [6] , assessed the Turkish Earthquake Code and the Euorocode 8 with UBC based on (Modal Response Spectrum Analysis) MRSA using finite element investigation process for struc-tural examination. This is the only research that likened two codes using MRSA.
In this research, the IBC response spectra have been reported to be dissimilar from UBC and others. However, no MRSA data associating IBC and UBC have been reported.
Reference [7] also presented comparison of IBC and UBC. The findings reported in this study were taken using the ELFP but not MRSA. It is a key research on this topic and has significant but non-conclusive findings. The results are mixed for two predominantly designated sites in San Francisco and Sacramento. This research found that UBC is more conservative in some areas but the findings reported are not definite. Another paper [8] equated IBC with the Mexico's code.
It is important to note, that IBC does not permit the implementation of ELFP for computing the base shear and other inside forces for structures in the seismic design category D and above if the modal basic time period of a structure computed by FEM is larger than that by ELFP. In such areas, procedure as modal response spectrum examination, linear response history, nonlinear static procedure or non-linear response history analysis must be used [9] . In such areas, the normally employed used procedure is response spectrum analysis method (ASCE 7-05 Section 162) which is also acceptable by IBC. This paper has embraced the same for all cases. This paper extends the work presented in [5] using a real building to compare the modal response spectrum analysis results of Saudi Building Code (SBC) and the 1997 Uniform Building Code (UBC) used in Saudi Arabia before the introduction of SBC. Eight sample places from SBC map for Saudi Arabia together with two sample places of high seismic activity in USA are taken for the comparisons. This study was important to ensure that the conclusion drawn by [5] that UBC being more conservative than IBC for academic frames is valid for SBC using the spectral accelerations from the maps provided in the code.
Test Locations
Eight test locations were randomly selected for KSA for comparing the Saudi Building Code (SBC) with UBC and are shown on the SBC map in Figure 1 . The selected test locations in USA are shown in Figure 2 . Both locations were in the areas of high earthquake probability.
Modeling
The software package ETABS was used in this study for modeling and analysis.
The structures were modeled as special moment resisting frame system, which is a requirement of building codes for higher seismic zones. Slabs were modeled using shell elements to represent the real slab behavior, providing stiffness in all directions and transfer mass of slab to beams. A rigid diaphragm was assumed at all floor levels. The modal combination method used for all models was CQC (Complete Quadratic Combination). It is preferred over SRSS (Square Root of Sum of Squares) because the structural models of the sample buildings used in CQC results are generally much more accurate for structures with closely spaced modes [10] . The internal forces obtained using CQC are about the same as SRSS.
It was verified for all the buildings used in this work.
Results of Verification
Before modeling the real building structures, verification was done through published problems in [5] which calculated base shear and moments using UBC and IBC at four US locations for four different building structures modelled as 3-D frames. The paper shows results for soil types A to E. This study reports exactly same results as published in the paper by Nahhas [5] . The results vary from building to building quantitatively but remain the same qualitatively. The paper shows that the maximum base shear varies from sample location 1 (area of low seismicity) to sample point 4 (area of high seismicity) in a logical manner. Also, the maximum base shear values increase with varying site class from A to E for each sample location except for sample location 4. For sample location 4, for all buildings, the maximum base shear for site class E is significantly lower than what is for site class D. An explanation has been provided in the paper for this anomaly. This is actually related to the modal contribution and the design response spectrum for the sample point 4. The design response spectrum for soil type D and E at sample point 4 have a large difference in the peak spectral acceleration. For site class D, it is close to 1.7 g whereas for site class E it is about 1.4
g. This discrepancy does not exist for other sample locations. This is how the code has been developed for this high area of seismicity.
Real-World Building
A real-world building was modeled using ETABS. The framing plan for the building is shown in Figure 3 . Figure 4 shows the perspective view of the building structure. The important specifications of the structure are given in Table 1 . Table 2 shows that about 80% of the mass participation is accounted for in the first 10 modes. The remaining modes don not participate significantly. However, 44 modes together of the 50 modes account for about 99% participation. Table 4 shows the parameters used to generate the design response spectra for the real building assumed to be located at 10 different locations. These locations are shown in Figure 1 and and E are assumed to generate 50 cases of design spectra. Values of SBC parameters SS and S1 for these locations are also given in Figure 1 and Figure 2 .
Since MRSA requires input of Design Spectra, the design spectra are generated for all site classes for all sample locations. Figure 5 shows the design spectra for Location 1. Five different design spectra are shown for five different site classes: A, B, C, D, E. Similarly, Figures 6-14 give the design response spectra for locations 2 to 10. It is important to note the following about these design spectra:
1) The response spectra for locations 1 and 2 correspond to Zone 0 with no earthquake activity according to UBC. Therefore, the UBC design spectrum is just a horizontal line with zero magnitude shown in red color. But for SBC, the location does represent probability of earthquake and therefore, a normal design spectrum is attained. This is an important finding in the context of the difference between UBC and SBC.
2) It can be seen that the design spectra shapes do not change much as we vary the site class from A to D but the peak value goes up ranging from 0.055g to 0.17 g.
3) The design spectra shapes and peak magnitudes change drastically as we move from one location to another. It ensures that the selected locations have quite different geological properties.
4) Looking at the peak acceleration of the design spectra, the following is observed:
Location 1: PSBC > PUBC (PUBC = 0) Table 4 . Real building design spectra cases. Figure 15 summarizes the data of analysis for the base shear for UBC and SBC EFLP for the real building. It can be seen that at most locations SBC base shear is higher. However, it is not always true.
2) Figure 16 compares the base shear for UBC and SBC using MRSA for the real building. Again, it can be seen that at most locations SBC base shear is higher. However, again it is not always true.
3) Figure 17 compares the overturning moments for UBC and SBC using MRSA for the real building. Again, it can be seen that at most locations SBC base shear is higher and again it is not always true. 
Conclusions
This study of a real building compares UBC and SBC and reports results. The findings are not in agreement with a previous similar study comparing UBC and IBC. The results were obtained by using the same models. The comparisons of IBC, UBC published in previous work were first verified also. The design response spectra of SBC were evaluated and compared with UBC. The effect of soil class, and geographical location on the design response spectra was generated in accordance with SBC. The effects were studied and the response spectra were presented. Code compliant analyses for a real-world building were performed for eight soil types and geographical locations of Saudi Arabia to compare the base shear and internal forces in the structure. The design spectra shapes and peak magnitudes change drastically as we move from one location to another. It ensures that the selected locations have quite different geological properties.
The study concludes that about 80% of the mass participation is accounted for in the first 10 modes. The remaining modes do not participate significantly.
Therefore, it is recommended that SBC requires MRSA using first 15 modes maximum.
The ELFP calculation was done using UBC and SBC. MRSA gives a higher time period (about 40%) when compared to the ELFP. It is recommended that SBC provides guidelines to relate MRSA with ELFP. Some more research is required to provide such guidelines.
It is found that at most locations SBC base shear is higher for both ELFP and MRSA. However, it is not true always. The same is true for overturning moments. Therefore, we cannot conclude that SBC is more conservative than UBC for all cases. It is recommended that further research pursued to look more deeply into cases where the SBC base shear is lower than UBC base shear. SBC seismic maps may not be very accurate. It is also advisable to develop proper guidelines to handle such cases in SBC.
